Various ideas of data have emerged, expressed in practice through distinct vocabularies of data-related terms. This article develops a six-category taxonomy of these vocabularies, and illustrates how their terms are utilized in texts which relate to geographic information systems (GIS) in general, and to the HYDRA5 water catchment modeling system developed for the Sydney Water Corporation in particular. Revealed is complex cross-referencing between inter-related vocabularies. Terms from different vocabularies are juxtaposed in such a way as to produce a cascade of meaningful reference which invites the reader to accept the transitions from understanding 'data' in one way to understanding it in another. Several implications are drawn out briefly: problems with viewing data as 'object'; the need to explore further how the complexity of data is negotiated in practice; and the defining role that ideas of data have in relation to communities of practice, professional education and technical training.
Introduction
A major prerequisite of an information system, whether computer-related or not, is that it has data to digest. What counts as 'data' implicates and is implicated by the particular settings, both organizational settings and systems settings, to which the data variously belong.
The idea of data is fundamental to disciplinary knowledge as well as central to the understanding of information systems. So it is hardly surprising that as the use of computers has spread various ideas of data seem to have emerged, expressed through distinct vocabularies of data-related terms associated with various communities of practice. However, relatively little attention has been paid to the concept of 'data' as such, compared with that paid to the troublesome concepts of 'information' and 'knowledge' [1] .
Although there have been a few relatively early explications of ideas related to 'data' [2, 3] and a continuing critical commentary on classification schemes which form the basis for social statistics [4] , practice has generally proceeded on the basis that what counted as 'data' was well-understood enough. Possibly it is felt that the concept is deeply embedded in disciplinary and technical understanding and in no need of general explication. For whatever reason, many introductory texts, in a wide range of data-utilizing disciplines, are F. COLE surprisingly sketchy and allusive in their handling of this fundamental idea.
There are exceptions, in more advanced work in specialist fields, often where the nature of data seems especially problematic in relation to computer application, such as in geographic information systems (GIS). In GIS circles reflection on spatial and temporal data modeling has been a constant feature [5] . There are parallels also in discussions of digital libraries, records management, and the Invisible Web, as the magnitude of the task of managing electronically mediated data is felt [6] .
This article develops a framework for analyzing vocabularies of data-related terms, illustrating from various texts which describe geographic information systems how these data-related vocabularies are actually utilized and suggesting how and why they are so deployed. The study arose within a larger research plan into data management practices in water resources organizations in Australia and New Zealand. For this reason one of the texts examined relates to the HYDRA5 water catchment modeling system developed for the Sydney Water Corporation.
The result of the study is complication, but hopefully some clarification. In practice there are a number of distinct ways of characterizing 'data'. The concept-inuse is not one, but many. It reveals itself as open to multiple and continuing interpretation and use in different contexts and at different levels of conceptualization.
There are consequences, which can only be outlined here: for ideas of data as 'object'; for the need to further explore how, in the normal run of practice, its complexity is negotiated; for its relation to the various professional identities represented; and consequences for technical training and professional education.
Outlining data
The basic problem to be solved by computer-based information systems, in their current manifestations, as far as data is concerned, is to reconcile two broad ways in which data is understood [7, p. 7; 8, p. 172; 9, p. 3] .
The first of these belongs to the realm of computer design, in which data is rendered manipulable ('computable'). The second belongs to the work, organizational and social contexts to which the data is relevant (the 'application domain', from a computer science and information systems point of view).
On closer examination these two realms appear within themselves far from simple, and the relationship between them is profound. But in practice multiple meanings of 'data' are managed routinely, generally without comment -even when refined techniques and technologies are involved -as in the use of computerbased information systems. The routine integration of the two realms may appear to be unproblematic, but two sets of questions arise, which both have implications for our theoretical understanding of 'data', and for the design of methods that manage it.
The first set of questions includes: • How do they do that? How are the different realms of data understanding brought together? How is this manifest, in private, in public, in performance and in publication? And secondly, given the diverse nature of the dataconcept:
• How can they do that? How is such integration possible? What competencies and skills need to be learned? What does this reveal about the nature of data itself? The questions are concurrent, of course, so addressing one will throw light on the other. The aim in addressing these questions is to locate the definitions of 'data' in the language and practice of those who handle it; to note what counts as data, and how it counts. This article presents a preliminary framework, which suggests the problem, and which provides points of reference for later discussion.
Several steps were followed in developing and demonstrating the framework:
The discourse of data vocabularies, into some systematic order, using the apparent differences generated within the two data realms as an initial principle of classification. The result is a preliminary instrument, consciously provisional in character.
Step 3: Apply this classification to the description of specific information systems.
In this article two published texts are examined: a general description of GISs, and a conference presentation, by Taylor et al., of a Web-based decision-support system for an Australian water resources organization [12] . These are computer-based systems, handling complex data, and therefore suggesting that a wide range of data terms would be deployed.
The descriptions prove detailed enough to give some scope to questions such as: What data definitions are resorted to in the discussion? How are the linkings between the different data realms achieved? Which references are explicit, or implicit? Can we understand why?
The classification is not used for an ontological purpose but rather as an 'explicating device', as defined by ten Have, in order to make 'the work of doing some social order' more visible and accessible to more detailed study [13, p. 276] . Although in this article it is applied to only two particular texts, it is with the expectation that the categories will illuminate related types of text also (e.g. internal work manuals, conversation transcripts).
A tentative taxonomy of data-related terms
The recognition of different vocabularies and the construction of a taxonomy to explicate those differences are closely related processes. In this analysis the categories are arranged roughly along a scale representing the technical (systems) realm on the one hand, intersecting with a discipline and organization-related scale on the other.
The 'technical' scale relates to the degree of systemsor computer-specific detail, relatively free of language from specific areas of 'application'. The countering scale relates to the level of detail about the organizational, work and social setting; so systems details do not feature. This provides an overall framework, but more detail is needed to cope with the apparent differences in vocabulary, so the following categories of dataterm usage were developed and are used in the rest of the article: (1) Context: data-related terms here designate the specific organizational, business, or social location in which they are used, including settings such as a department, sub-unit, classroom, consulting room, etc., and in relation to particular named institutions. It is here that the precise significance of any data and the functioning of any system are finally defined. (2) Semantic/theme: terms here designate the general subject domains, or disciplinary topics and themes. They specify the semantic rather than the syntactic properties of the data (e.g. hydrology, human demography, finance, etc.) From a systems point of view they, along with the first category, are the prime target of 'application'. (3) Dimension/task/function: terms here characterize the data for the task at hand, and are often defined according to some dimension or general function (time, space) rather than a semantic quality. The field / object distinction in GIS circles seems to work at this level [5] . (4) Structure: the terms in this category identify data complexes, made up of formalized clusters of more primitive data. Where a computer-related system is involved, the terms seem to fall into two major groups (perhaps reflecting the dual nature of the principles of classification being used) -one to do with the complexity of the data that is being represented, and another group related to the efficient design of computer storage (file structure) [9] . (5 The discourse of data Examples are provided in Table 1 . Clearly the scheme is incomplete, and incompletable: categories can be sub-divided or merged endlessly, and the categories populated with a multitude of wider-ranging examples. No claim is made that the scheme and its category labels are universally applicable, being heavily skewed to computer and systems-related situations. Evidence of use is confined to published sources.
Similar broad categorizations have been suggested elsewhere, especially for geographic systems, such as distinguishing the 'semantic' from the 'technical' in Burrough & McDonnell [10, p. 294] , or closer to the scheme outlined here, the identification of levels of data abstraction in Rhind & Green [15] and Peuquet [16] . The purpose of the present taxonomy, however, is not to define conceptual levels or stages in systems design such as outlined in Elmasri & Navathe [11] and Worboys [9] , even though there are similarities, but rather to differentiate data-vocabularies in actual use in organizational settings.
Data-vocabularies in system description
Having made a first pass at establishing that there are plural and distinctive notions of 'data', the next phase is to apply the taxonomy to texts in which data vocabularies are deployed in system descriptions. Two samples are offered. The first is a description of geographical information systems in general. The second is a more specialized description of a particular system, also GIS-related.
GIS examples were chosen because they handle a wide range of complex spatial and temporal data and because they have become increasingly relevant to the wider agenda of this research. It was the richness of this context that suggested the need to more closely examine the idea of data itself. In addition, there is a considerable body of theoretical and practical literature about GIS [27] .
The first sample appears towards the end of a standard text on GIS by Burrough & McDonnell: Current GIS are most successful at handling static, easily identifiable units in geographical space, and data structuring and handling of more complex data, particularly with a temporal component, continues to challenge GIS developers. In the last few years, data-base research has been dominated by developments in the object-oriented approach and whilst this approach has benefited the structuring of entity data (especially of easily defined objects, such as property parcels, and utility infrastructure, and offers possibilities for spatio-temporal data handling), there are difficulties in applying it to continuous field data where permanent relations do not exist. [10, p. 294 In the last few years, data-base research has been dominated by developments in the object-oriented approach [4. structure and whilst this approach has benefited the structuring of entity data (especially of easily defined objects, These data-category references are listed in Table 2 .
Observations on data references in the text: the way structural, dimensional and semantic references to 'data' are tightly woven together in the word 'object'. In the second sentence of the extract, the 'object-oriented approach' to data, (a reference to a closely defined software term of [4. structure) is said to provide a 'beneficial' structural base for data conceptualized as 'entities' and 'easily defined objects' (synonyms referring to [3. dimension) . These are then given further meaning by references at a [2. semantic level, as 'property' data, etc. It helps the reader to know something of the 'technical' meaning of the terms. Our chosen explicating device, the data-term taxonomy, seems to do its job. References to the dataconcept through the use of data-related terminology in actual texts can be marshaled into distinct but interrelated vocabularies. But even this short extract reveals the complex cross-referencing and blurring between data categories that can occur. Reading the text successfully is not straightforward therefore, requiring as it does access to additional, specialized resources, such as prior knowledge of technical terms and their appropriate use. In brief, 'data' can hardly be described, as it often is, as 'raw'.
Further illustration: HYDRA5 at Sydney Water
The previous example was an overview of a family of systems. A rather more specific example is a conference report about HYDRA5, a Web-based information system for water catchment management. The system was the result of collaboration between the Australian Commonwealth Scientific & Industrial Research Organization (CSIRO) and the Sydney Water Corporation, and was reported to an international GIS symposium in 1998 [12] . The design built on the considerable previous work done by the CSIRO in this field [28] . In introducing the system, the authors envisage that it functions simultaneously as a catalogue for search and retrieval of arbitrary data sets; a series of hypermaps with some GIS functionality and links to spatially referenced data; and an analysis and graphing tool for time series data. One feature of the system is its capacity to use hyperlinked maps as keymaps for retrieval of spatially referenced data, and simultaneously to have these maps stored within the catalogue -as data representations themselves. [12, p. 8] The article itself begins with a general description of some of the planning requirements for water quality management in the Sydney water catchments, followed by a more detailed description of HYDRA5, first from a user's perspective, and then as an overview of the system architecture. An outline and the Abstract of the article are included as appendices.
The extract chosen for analysis comes from Section 3.2 of the conference paper which deals with the use of maps in the system. Here is one paragraph that has a wide range of category reference:
Each map, presented to the user, is composed of layers selected (at data loading time) from various scenarios. A scenario is a world state -composed of spatial objects and time-series objects. A spatial object is a typed geometrical shape that is spatially located. It's [sic] type identifies its association with a map layer. Examples of spatial objects are a polygon of type catchment boundary, and a two-point object of type sewage treatment plant, (with a facility location and an outfall point). A time-series object is a typed sequence of floating point numbers, each tied to a point in time. The type indicates the meaning of the time series, such as precipitation, nutrient concentration, or river flow. [ 
Observations:
(1) Simple counts can be made of particular terms, as in Table 3 , and this provides a preliminary view. However, the inter-relationships of the terms are obscured, but it is these which are the main points of interest. (2 . primitive 'floating point numbers' each paired with a 'point in time'. Terms from different categories are juxtaposed, but in such a way as to produce a cascade of meaningful reference, which invites the reader to accept the transitions from understanding 'data' in one way to understanding it in another. It is assumed we understand that 'timeseries objects' can be represented as 'typed sequences' and that, equally plausibly, these can be composed of 'floating point numbers'.
General conclusions on the texts
Our examination of data-terms in actual use strongly suggests that the idea of 'data' is manifest in several distinct vocabularies. Despite the speculative nature of the taxonomy used to identify those vocabularies, its categories are recognizable and sufficiently stable to provide a general framework for analyzing further the inter-relationships among them.
The majority of references are to terms in three of the six categories: [2. semantic, [3. dimension, and [4. structure. The terms in these categories seem to be critical in enabling the successful translation between various modes of representing 'data'. By way of contrast, little reference is made in our texts to specific organizational [1.context, and none to [6. not so much on the details of the organization or the system, but on the details of the translation between them. In other texts the emphases may be different (c.f. Table 1 ).
Also noted is the frequent cross-referencing between terms of different categories. Terms in one aspect category are qualified by terms from another; a cross reference between non-adjacent categories can imply the qualities of the intervening categories, even when these are not made explicit. Sometimes the qualification is so strong that the central reference of the term itself becomes unclear, so unclear that the term is better seen as belonging to the qualifying category. The degrees of modification resulting from cross-referencing include the following: (a) no modification: term on its own, clearly categorizable; (b) close explicit modification: meaning of term modified by term in adjacent category; (c) distant explicit modification: term modified by term in non-adjacent category; (d) drastic modification: term modified from its usual meaning by term in another category, to such a degree that it changes to the modifying category; (e) implicit modification: term modified by 'context' but not by any explicit reference, and not to such a degree as to change category. The preponderance of terms from [2. semantic, [3. dimension, and [4. structure categories, and the crossreferencing between them, appear to facilitate the overall process of representing 'data in organization' within the pragmatics of 'computer system'. As such it helps solve the fundamental problem faced by computer-based information systems, that of rendering the application domain computable.
The translation from the one broad domain to the other appears to take place in smaller two-way moves, or sequences of them, and it is these moves which are indexed by the different data-vocabularies we have observed. The process is not smooth, however. Incommensurate terms are juxtaposed -and it is up to readers to make the connections and make sense of it all. They are only given a certain amount of help. The presumption is that they have at least some knowledge of technical meanings 'behind' terms.
There are similarities here with some of the scientific representation practices observed within some disciplines, in which 'sequential transformations' of pictorial material render that material into recognizable 'data' [29, p. 160 & p. 182] . Some of the abruptness we have observed is evident in these transformations also, as Lynch & Woolgar point out:
Close examination of the relations between one representation and another reveals 'transferences' of graphic and other materials across a series of disjointed surfaces: a crafting of resemblances. [30, p. 6] Whether or not readers read any particular text the same way, whether they accept the resemblances that are offered, a sign of their knowledgeability will be the ease with which they sort out the conceptual crossreferencing (the 'indexicals'), and their ability to resort to assemblages of accepted precedents and conventions. It is an opportunity for them to demonstrate their competence as specialist readers [31] . Ambiguous terms such as 'object' or 'data structuring' need to be read expertly, the meaning sorted out according to the way they are deployed, cf. [32, pp. 17-32 & p. 101] . How this 'sorting out' is achieved is not so clear, but is likely to be closely associated with some sort of collective effort [33, p. 240 ], or membership of some 'community' [34] , a 'community-of-practice' perhaps, to utilize Lave & Wenger's felicitous phrase [35] . In this way the different data-vocabularies themselves can be seen to represent 'distinctive orders of practice' [32, p. 131] .
The exploration of the notion of 'data', as it is actually used, not only needs to focus on 'what counts as data', it also needs to focus on 'what counts as representations of data'. In other words, it needs to account for the relationship between the distinct viewpoints which emerge. Just how any 'crafting of resemblances' across disjoint elements succeeds remains unclear, but the resulting representations seem unproblematic to those who routinely but expertly do the translations. This invites further investigation.
Implications/speculations

Is data an object then?
Any of the references to 'data' in our extracts usually belong primarily to one or other of the categories in the taxonomy used here. It seems likely that those dealing with data would normally deploy data-language within a limited set of categories, the terms appropriate for their work practice, rather than drawing on all categories. However, in the specimen texts there is also widespread cross-referencing, and references are often juxtaposed, suggesting that a wider notion of 'data' may also be in mind, one that includes and integrates the disparate aspects and categories of reference. Such a unified idea is perhaps alluded to by the use of [0. undifferentiated references. After all the F. COLE deconstruction, is there some way in which we can discuss 'data' sensibly as a whole, as an entity, as an object perhaps? To what degree can we usefully consider data as having object-like qualities?
The situation is further complicated by the fact that the term 'object', as we have seen in the texts, is used with a number of distinct meanings, at different levels in the taxonomy. The variety here reflects their use in the wider literature. Objects can be defined in dimensional and geometric terms, linking thematic and geometric data [7, p. 5] , or as capturing the conceptual in the logic of software structures [36] , or as strange phenomena for socio-technical studies of technology [37] .
It should be no surprise that an integrated 'data object' is difficult to pin down. Data resists being objectified. However, we continue to make these general references to data, as if it were a simple unity. Why do we find this useful? To what extent can such a nonintegrated, un-centered concept be used analytically? These are matters that will need to wait for another occasion.
Locating professional identities
The analysis highlights what those who somehow are professionally involved in computing variously think they are doing. It is one way in which professional identities can be located. If we accept that the differentiation in vocabulary and terminology is associated with the various 'communities of practice' which utilize them [38] , then we can use the tentative taxonomy as a guiding framework in discussions of inter-disciplinary relationships and boundaries, and of the education of professionals negotiating the realms of information systems and applications. The taxonomy of data categories may provide useful boundaries, suggesting two major directions in which discussions might take place:
• Working the strata (horizontal analysis): an approach which confines itself to a category. Here care is taken not to 'mix categories', but to identify and legitimate professional interests (e.g. of hydrographers, or programmers) along their differing aspectual lines.
• Working the system (vertical synthesis): which studies inter-relationships and translation processes between categories. Discussions of the inter-relationships between data realms are likely to lead to a clearer recognition of the functioning of information systems in various contexts. This will encourage among the professions a greater awareness of diversity of viewpoint, a better understanding of relationships among them, and further development of bridging strategies. It may help to explain the success, or otherwise, of organizational arrangements involving different communities of practice. The basic premise here is that the work of the various communities of practice associated with maintaining the various data categories is complementary. They must co-exist rather than compete.
Being in the middle
In any social system there seem to be communities of practice whose identities are defined by their being particularly involved in bridging the categories. They exist in a transitional zone, as a variation of what Wenger might term 'boundary practice' [38, pp. 114-15] .
For instance, the HYDRA5 conference paper examined earlier is directed to GIS specialists, with not much attention being paid to the machine or the water aspects of the system. The data categories that are dwelt on (within categories 2, 3, and 4) are those where the two gross realms of situation and system 'overlap', where a process of translation takes place. The locus of attention lies in 'the middle'. As such, it addresses a distinct area of practice, that of the GIS expert.
A parallel is to be found among experts in CAD/CAM systems. Gary Downey, in his study of students, himself included, found the need to become a 'CAD person' to effectively utilize and become expert in CAD [39] . This involved generating a personal synthesis (a personage) which afforded 'transcription' between the realms of system and design or, making the parallel in the HYDRA5 descriptions, between the Web-database systems and hydrological data analysis.
The practice of translation between specialization and system forms a significant proportion of everyday work. For some it will lean in one direction more than the other. For some the role will focus on mediation, designing and implementing interpretable systems, working within and at the boundaries of several communities. In general, inter-disciplines, which have 'translation/transcription' as their prime role, can be regarded as 'interstitial communities of practice', and also 'canonical' as they emerge as legitimate disciplines in their own right [40, p. 49 ].
The discourse of data transitions from category to category may be based on reasonably well-understood equivalences. But as Douglas reminds us about metaphorical translations (where A is seen to be like B) that are based on presumed similarities, '. . . if the similarity is plausible to us, that can only be because we have become habituated to it' [33, p. 243] . Perhaps these habits of mind and practice are unproblematic for initiates, for those already 'in the know', but they are unlikely to come intuitively. Downey, in the example above, refers to some of the difficulty involved for students in becoming socialized into professional practice. For educators too there is a tension, as Forer & Unwin note [41, p. 754] , between 'training in system specifics' on the one hand, and 'more general education of geographical information science' on the other. McDonnell [20, p. 171 ] points out that discipline-level models, and presumably the data that informs them, need to be understood before using GIS. If this is so, then a major aim of education for those in the middle would be the cultivation of translation skills and strategies. Practitioners need to become facile in several vocabularies. They need to know how to live within and at the intersection of diverse communities. Their design process needs to follow application domains closely.
The current generalist approaches to systems design may be too removed from the translation task when faced with specifics, especially the specifics of data. While there may be similarities between socio-technical systems, it is the differences, the contingencies, the required translations and transcriptions that seem to matter more for workability. This gives further weight to the case for heavily practice-based professional education, to cultivate 'reflective practitioners' of the sort advocated by Donald Schön [42] .
Conclusions
Close examination of the language used to refer to data is instructive. It reveals the complexity of its multiple origins and the inter-relationships among them. It highlights aspects of data which need to be taken into account on a number of fronts: in systems modeling, in the management of data sources, in the cultivation of professional expertise. Tracing the notion of data through an organization helps us clarify ideas of organization, system, and information. It enables us to better understand the relationships among technological ideas and the social settings in which they are deployed.
The data-related terms appear to form several distinct vocabularies, identified in the use of the terms themselves, and highlighted by the application of the taxonomy used here. While the major conclusion from our texts is that references to 'data' are highly variegated, the nature and extent of this variation warrant further exploration. Further contrasting texts need to be examined, focusing on the extreme ends of the data taxonomy, and on settings beyond computer systems or electronic inscription.
There are different modes of analysis to deploy, of language and its settings. While the analysis here is not primarily linguistic, in that general features of language are not explored, its focus is strongly semantic, attending to the workaday co-existence of rhetoric or discourse of several fields. A more comprehensive linguistic analysis, especially of the pragmatics, would provide a different perspective on how the identifiable data-vocabularies inter-relate.
An association between vocabulary-in-use and various professional, occupational and practice communities has been suggested throughout this article. Different 'communities of practice', with their 'distinctive orders of practice', deploy distinctive vocabularies associated with 'data'. Tracking these data-vocabularies is one way to define these communities, just as in their practice the communities have defined them.
These distinct vocabularies need not constitute an insuperable barrier between practice communities when they need to co-operate. Co-operation is often assumed, as in our examples. But just how this cooperation is achieved still requires closer investigation, not only of relevant texts (informative though these are) but also of the data-related activities of the work settings to which such texts refer.
